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n December 2009, a 27-year-old man with severe influenza-like illness was admitted to a tertiary care hospital in Saint John, New Brunswick. The patient had asthma, obesity (body mass index 40.7 kg/m 2 ) and untreated familial hypercholesterolemia. He had not received immunization against pandemic H1N1 influenza. He had been prescribed oral oseltamivir 75 mg twice daily the previous week for presumed pandemic H1N1 infection, but had discontinued the medication after four days because of adverse gastrointestinal effects. The patient's condition deteriorated rapidly after admission, and he was received mechanical ventilation.
Oseltamivir 150 mg twice daily was started in combination with moxifloxacin. Although the nasopharyngeal aspirate was negative, the endotracheal secretions were positive for pandemic H1N1 on a reverse transcriptase polymerase chain reaction (RT-PCR) test. The patient did not improve, and his antibacterial agent was switched to piperacillin-tazobactam. Results of a repeat RT-PCR test of endotracheal secretions remained positive after 12 days in hospital. The patient was given intravenous zanamivir for presumed resistance to oseltamivir that was later confirmed by laboratory testing. Despite initial stabilization after completion of the five-day course of zanamivir, cardiac ischemia developed and the patient died three weeks after admission. Brain, heart and lung specimens obtained at autopsy were negative for pandemic H1N1 on RT-PCR testing.
Discussion
As of May 1, 2010, a total of 8678 instances of patients admitted to hospital with pandemic H1N1 had been documented in Canada since the beginning of the pandemic in April 2009. 1 This number included 1473 cases (17.0%) requiring admission to intensive care units across the country, with death observed in 4.9% of instances (n = 428). The presence of comorbidities has been associated with severe illness and a mortality 25.5 times higher than among patients without underlying medical conditions. Chronic pulmonary disease, including asthma, has been the most commonly reported underlying medical condition, observed in 51.3% of deaths. Throughout the H1N1 pandemic, neuraminadase inhibitors were recommended for treatment of severe illness caused by the pandemic H1N1 virus, as well as for selective postexposure prophylaxis in high-risk people. 2, 3 Though rare, resistance to oseltamivir has emerged in many countries, and it has been hypothesized that resistance could increase over time as the drug is used extensively on a global scale. 4 As of Jan. 26, 2011, 340 instances of oseltamivir resistance had been reported by the World Health Organization Global Influenza Surveillance Network.
5

Neuroaminadase inhibitors
During the final stages of the influenza replication cycle, newly assembled viral particles bud from the host cell. The viral enzyme neuraminidase cleaves the attachment, allowing the new viruses to be released so that they may infect new host cells. Oseltamivir is a neuraminidase inhibitor, which acts by preventing this cleavage step, thus interfering with the release of progeny virus and preventing the progression of infection (Figure 1) .
With the H275Y mutation, a conformational change occurs at the binding site of the neuraminidase inhibitor, preventing binding of oseltamivir. Hence, the new virus is not impeded from completing its replication cycle and may undergo cleavage and release from the host cell. • Immunization of people at high risk for severe influenza illness is important for primary prevention.
• When patients fail to show clinical improvement despite appropriate first-line antiviral treatment, repeat testing for influenza, using reversetranscriptase polymerase chain reaction, and testing for resistance to antiviral agents should be considered.
• For patients receiving mechanical ventilation, deep endotracheal suction specimens should be obtained for influenza testing in addition to nasopharyngeal swabs.
• When viral excretion persists and patients fail to show clinical improvement despite oseltamivir therapy, switching to another antiviral agent should be considered.
Key points
tance, there has been an association with treatment, whereas 6% have been associated with postexposure prophylaxis. 6 During the course of the pandemic, millions of doses of oseltamivir were administered worldwide, yet only 340 instances of oseltamivir resistance have been identified. 5 In Canada by Feb. 4, 2010, more than 800 isolates were tested, and only 12 were found to be oseltamivir-resistant (Y.L. and N.B., unpublished data, 2010.) To date, all but one of these oseltamivir-resistant strains of pandemic H1N1 have been found to have the H275Y mutation. Resistance is infrequent and detected sporadically in pandemic H1N1, although the incidence of oseltamivir resistance is likely underreported because relatively few viruses are tested. There are currently no data to suggest that longer courses of higher doses would prevent resistance from developing.
Predicting resistance
It is very difficult to predict when drug resistance will develop. The National Microbiology Laboratory has provided protocols to provincial public health laboratories to facilitate rapid testing for the H275Y mutation. 7 Guidance published by the Canadian Public Health Laboratory Network 8 suggests clinicians should suspect resistance to antiviral medication when influenza is detected in patients receiving prophylaxis, when infection persists in immunocompromised hosts, in instances in which patients have had contact with immunocompromised hosts undergoing treatment, and in patients whose condition fails to improve with oseltamivir therapy.
The definition of clinical treatment failure in pandemic H1N1 infection has not been established. A study involving patients infected with the H5N1 virus showed that treatment failure was associated with persistent high viral load after 48 hours of therapy. 9 However, viral load testing is not available routinely. For practical purposes, patients who continue to deteriorate with no other identifiable cause despite 10 days of oseltamivir treatment should be tested for resistance. 8 
Alternative treatments
The H275Y mutation confers resistance to oseltamivir, but susceptibility is preserved to zanamivir, a neuraminidase inhibitor commercially available for use via inhalation (Figure 1) . However, the use of zanamivir is limited by the fact that it is an inhaled compound that cannot be administered to ventilated patients, and the intravenous formulation can be obtained in Canada only through the Special Access Program of Health Canada. Until there are more readily available intravenous antiviral medications, treatment options are limited, and clinicians should consider seeking advice from a colleague specializing in infectious diseases or medical microbiology. If the patient is able to take inhaled zanamivir, it may be reasonable to change antiviral medications pending resistance testing.
Minimizing resistance
Notably, the development and maintenance of oseltamivir resistance in seasonal influenza viruses occurred in the absence of substantial global use; the reason is unclear. To minimize the risk of development of resistance, antiviral agents should be used appropriately and at adequate doses according to published guidelines. This recommendation may be particularly relevant to the pediatric and immunocompromised populations, in which the risk of generating resistance is greatest. 10 The pandemic H1N1 virus will likely evolve into a "seasonal" influenza A strain in the coming years. Indeed, the previous "seasonal" H1N1 strain circulating prior to the pandemic has virtually disappeared across the globe. 11 To date, the predominant circulating strain in Canada this season has been the A/Perth/6/2009-like H3N2 virus. Although pandemic-H1N1-like virus accounts for only 10.5% of influenza viruses subtyped thus far in Canada, it is the dominant strain currently circulating in the United Kingdom and other parts of Europe. 12 Because strains containing the H275Y mutation encoding oseltamivir resistance are antigenically similar to the vaccine strain, vaccination will most likely continue to be the primary method to reduce the burden of disease caused by this and other new strains.
